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EFFECTS EVALUATION - PROJECT RULISON 

FOREWORD 

The Ef fec t s  Evaluation r e p o r t  r e f l e c t s  t h e  culmination of  e f f o r t s  the 

Nevada Operations Off ice  (NVOO) of t h e  Atomic Energy Commission under- 

t akes  t o  eva lua te  a l l  hazards t h a t  may be assoc ia ted  wi th  a nuclear  

detonation,  The philosophy of NVOO with  regard t o  t hese  hazards has  

been defined i n  t he  following manner: 

."A nuclear device. can be detonated s a f e l y  when it i s  

ascer ta ined  t h a t  the de tona t ion  can be accomplished with- 

out  i n ju ry  t o  people, e i t h e r  d i r e c t l y  o r  i n d i r e c t l y ,  and 

without unacceptable damage t o  'the eco logica l  system and 

na tu ra l  and man-made s t r u c t u r e s  . " 
The eva lua t ion  o f  the  hazards a s soc i a t ed  with the  Rulison Event, a s  

summarized i n  t h i s  r e p o r t ,  is u t i l i z e d  i n  the development of  procedures 

t o  assure  t h a t  t h e  detonat ion can be conducted sa fe ly .  These procedures 

a r e  r e f l e c t e d  i n  the  P r o j e c t  Rulison Safety Plan. 
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EFFECTS EVALUATION - PROJECT RULISON 

1.0 INTRODUCTION 

P r o j e c t  Rulison, loca ted  i n  Gar f i e ld  County, Colorado, (Figure I ) ,  

i s  a j o i n t  Industry-Government nuc lear  explosive gas s t imu la t ion  

experiment i n  t h e  Atomic Energy ~ o r n m i s  s i o n  (AEC) Plowshare Program. 

This i s  t h e  t h i r d  Plowshare and e igh th  underground nuc lear  detonat ion 

conducted by t h e  AEC a t  locatLon8 o t h e r  than t h e  Nevada Tes t  S i t e  (NTS). 

The p r o j e c t ,  sponsored by Austral  O i l  Company, Inc.  of  Houston, Texas 

with CER ~ e o n u c l e a r  Corporation of Las Vegas, Nevada as Program Manager, 

i s  def ined i n  t he  P r o j e c t  Rulison Def in i t i on  P lan  prepared by CER 

Geonuclear corpora t ion.  The ~f f e c  ti Evaluation was prepared by 

Dr .  R. Lee Aamodt of  Los Alamos S c i e n t i f i c  Laboratory and Mr. Richard 

A. Johnson of t h e  E f f e c t s  Evaluat ion Divis ion,  Nevada Operations Off ice ,  

with p red ic t ions ,  eva lua t ions  and program desc r ip t ions  cont r ibu ted  by 

the Environmental Research Corporation,  John A. ~ i u m e  6 Associates  

Research Division,  U. S. Geological  Survey, U. S. Bureau of  Mines, 

B a t t e l l e  Memorial I n s t i t u t e ,  Environmental Science Services  Adminis t ra t ion/  

U. S. Coast and Geodetic Survey, Environmental Science Services  

Administration/Air Resources Laboratory,  U. S. Pub l i c  Health Service  

Southwestern Radiolog i c a l  Health Laboratory and Isotopes  , A Teledyne 

Company. 

The Rulison Pro jec t  i s  reviewed formal ly  by t h r e e  Nevada Operations 

I Off i ce  (NVOO) groups. The Tes t  Evaluation Panel (TEP) reviews the  
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1 -0 INTRODUCTION (CONT ' D) 

containment aspects ( p o s s i b i l i t y  of r e l e a s e  of r ad ioac t iv i ty  t o  

the atmosphere) of the projec t  and t h e  Safety Panel of Consultants 

reviews the predicted ground motion, s t r u c t u r a l  response, slope 

s t a b i l i t y ,  hydrology and ground water contamination ef fec ts .  The 

TEP evaluation is c i t e d  i n  Paragraph 3.4. The Safety Panel of 

Consultants reviews a r e  included as  Appendixes A and B. The Nuclear 

s a i e t y  Study Group (NSSG) performs a review of the assembly, trans- 

por ta t ion ,  emplacement and f i r i n g  phases of t h e  nuclear operation i n  

order t o  provide assurance t h a t  no accidental  detonation w i l l  occur. 

Nuclear safe ty  procedures f o r  t h e  assembly and t ranspor ta t ion  of the 

Rulison explosive to  the  emplacement s i t e  and fo r  emplacing and ' f i r ing  

have been reviewed and approved. 

2.0 CURRENT TECHNICAL EVENT DATA 

Yield : Design 

Maximum Credible 

Depth of Burial:* 

~ e o l o g i c  Environment : 

40 Kiloton (kt)  

60 Kiloton (kt) 

8442.5 f e e t  

Mesaverde Shale/Sands tone 

3.0 EFFECTS PREDICTIONS AND EVALUATIONS 

3.1 Ground Motion 

Ground motion predic t ions  have been developed by the Environmental 

Research Corporation (ERC) f o r  the  Rulieon design and maximum 

*NTS c r i t e r i a  f o r  containment of a 60kt device requi res  a depth of bur ia l  
of 1380 fee t .  Rulison has a s a f e t y  fac to r  6 times t h i s  value. 



3.1 Ground Motion (cont 'd) 

' I  

c r e d i b l e  y i e ld .    he predkct ions  a r e  based on t h e  assumption 

t h a t  ground motions produced by the Rulison de tona t ion  (Piceance 

Creek Basin) w i l l  be similar t o  those from the Gasbuggy detonat ion 

(San Juan Basin). The bases f o r  t h i s  assumption a r e :  (1) the 

s i m i l a r i t y  o f  t h e  geologic  environments i n  which each explosive 

is  emplaced, (2) t he  over buried na ture  o f  the  explos ive  a t  both 

s i tes whi'ch cause higher  frequency mottons t o  be generated,  and 

( 3 )  t he  gene ra l ly  s imi l a r  na tu re  of the  ampl i f i ca t ion  o f  the  near 

sur face  ma te r i a l s  which favors  high frequencies  a t  both sites. 

Data from t h e  Gasbuggy s t a t i o n s  loca ted  on hard rock and 

al luvium were grouped together  f o r  use  a s  a Rulison '%rd 

Rock" d a t a  base f o r  s i t e s  w i t h i n  t h e  Piceance Creek Basin a s  

l i t t l e  or no ampl i f i ca t ion  of motion was observed a t  t h e  

Gasbuggy al luvium s t a t i o n s .  P red ic t ions  of peak p a r t i c l e  

a c c e l e r a t i o n ,  v e l o c i t y  and displacement f o r  l o c a t i o n s  o f  

i n t e r e s t  on alluvium ou t s ide  t h e  Piceance Creek Basin were made 

using a hard rock-alluvium ampl i f i ca t ion  r a t i o  developed on 

t h e  b a s i s  o f  NTS experience.  P red ic t ions  of peak ho r i zon ta l  

p a r t i c l e  a c c e l e r a t i o n s  a t  "Hard Rock" l o c a t i o n s  o f  i n t e r e s t  are 

shown on Figure 2. 

3 -2  S t r u c t u r a l  Response. 

Based on t h e  p r e d i c t i o n s  of  ground motions descr ibed i n .  Paragraph 

3 .I, John A. Blume & Associates  Research Division (JAB) has  pre- 



FIGURE NO. 2 

PREDICTED PEAK HORIZONTAL ACCELERATION 
VERSUS DISTANCE, RULISON EVENT 

40KT AND 60KT YIELDS 

Note : .-  

Figure 2 i nd ica t e s  peak p a r t i c l e  a c c e l e r a t i o n  ( i n  u n i t s  of g rav i ty  

32.2 f e e t  per second pe r  second) which var ious  l oca t ions  are pre-  
c 

d ic t ed  t o  receive.  The curves  a r e  p red ic t ions  f o r  the  nominal 40kt 

y i e l d  ( t he  equiva len t  explos ive  fo rce  of  40,000 tons  of TNT) and 

t h e  maximum c r e d i b l e  y i e l d  of 60kt. For Glenwood Springs, the  peak 

p a r t i c l e  acce l e ra t ion  p r e d i c t i o n  f o r  a 40kt y i e l d  i a  0.007g, and 

f o r  a maximum c r e d i b l e  y i e l d  of 60kt i e  0.01g. ' 

(Figure 2 - page 6) 



Predicted Peak Horizontal Component of Acceleration versus 
Distance, Rulison Event, 40k t .  and 60 kt Yields, Hard Rock 
Stations. 

- 6 -  Fig. 2 



. . . . . . .  . . . . . . 

3.2 S t r u c t u r a l  Response (cont 'd) . .. . - .- 
. - 

pared a n  inventory of s t r u c t u r e s  w i th in  a r a d i a l  d i s t ance  

of 15.0 mi les  from the  de tona t ion  point .  (Figure 3) and have 

gene ra l ly  surveyed t h e  number and types  o f . s t r u c t u r e s  o u t  t o -  

d i s t ances  of about  60 m i l e s .  Canyon and v a l l e y  sec t ions  with 

s lope  a r e a s  or c l i f f s  which may not be s t a b l e  under the  dynamic 

ac t ion  o f  t h e  ground motion have been i d e n t i f i e d  (Section 5.0). 

The response of i r r i g a t i o n  f a c i l i t i e s ,  dams and r e s e r v o i r s  t o  

t he  r e s u l t i n g  ground motion has  a l s o  been evaluated (Paragraph 
, . 

3.11). The Blume organiza t ion  w i l l  complete a de t a i l ed  condi t ion  

survey (Eor documentation purposes) of m a y  t y p i c a l  s t ruc tu re s .  

i n  the  v i c i n i t y  of t h e  sho t  p r i o r  t o  t he  de tona t ion ,  s e l e c t i n g  

t h e  g r e a t e r  number near  t he  de tona t ion  s i t e  and reducing the  

number t o  be examined a s  pred ic ted  ground motion from t h e  

de tona t ion  becomes less, About 35 s t r u c t u r e s  w i l l  be surveyed 

i n  t h i s  manner. Slopes, c l i f f s  and dams w i l l  be monitored t o  

eva lua t e  t h e i r  response to  the de tona t ion  ground motion. 

3-3 Ground Water Contamination 

To de f inq  t h e  hydrologic regime f o r  t he  deeonation,  the U. S. 

Geological  Survey (USGS) p a r t i c i p a t e d  i n  t h e  hydrologic t e s t i n g  

of t he  exp lo ra to ry  ho le ,  Af t e r  i n s t a l l a t t o n  o f  t h e  casing,  

hydrologic  tests were performed by the .  eas ing  a t  



. .  ; . FIGURE 3 

RULISON STRUCTURE S-Y 

Note : - 
The inventory indicated i n  Figure 3 inc ludes  a l l  s e c t o r s  w i t h i n  15 m i l e s  . 

of p r o j e c t  Rulison ground zero.  I n  add i t i on ,  major populat ion c e n t e r s  

- including the towns of Mesa, Molina, and S i l t  have been inventor ied  f o r  

general  s t r u c t u r a l  populat ion.  Figure 3 i n d i c a t e s  (1) t h e  number o f  

s t r u c t u r e s ,  (2) t h e  va lue  of t he  s t r u c t u r e s  i n  thousands of  d o l l a r s ,  and 

I (3) t he  types of  e t r u c t u r e s  i n  var ious  sec tors .  

For example, t h e  s e c t o r  conta in ing  the town of Rulison has  32 s t r u c t u r e s  

included i n  t h i s  inventory.  Tota l  engineer ing e s t ima te  o f  the  va lue  of  

s t r u c t u r e s  i n  t h i s  a r ea  i s  $151,000. S t ruc tu re s  of classes 5 and 6 are 

included. 

Class No. 

1 

2 

3 

4 

Explanation of S t ruc tu re  Classes  

2kE Vibrat ion Period,  sec. 

Adobe 0.05 - 0.15 

Adobe 0.15 - 0.20 

Brick and Stone 0.05 - 0.15 

Brick and Stone 0.15 - 0.20 

Wood Frame 

Wood Frame 

(Figure 3 - Page 9 )  

- 8 -  
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3.3 ' Ground Water Contamination (cont 'd) 
- .  . . 

. . , .  . .  . . . .  

depths below 6,000 f e e t  f rom.fhe surface.  . .Al l  zones t h a t  
, - . . 

produced any water  during d r i l l i n g  o r  i n  which geophysical 

l o g s  suggested t h e  p o s s i b i l - i t y  of water' were evaluated.  The 

small amounts of PPquid t h a t  were recovered were analyzed b y - t h e  

USGS and determined to arise mostly from the  i n i t i a l  d r i l l i n g  and 

cementing operat ions .  %he USGS concPusion was t h a t  l i t t l e  or 

no mobile water occurs  i n  t h e  Ohio Creek Conglomerate and 

Mesaverde ,Group, which are.  t he  s t r a t i g r a p h i c  u n i t s  .most l i k e l y  

t o  y i e l d  water  t o  the  hole.  

Isotopes ,  A Teledyne Company (Isotopes)  made ground water 

contamination p red ic t ions  based on reasonable  but  conservat ive 

assumptions. Isotopes  concluded t h a t  the  p r o b a b i l i t y  of  t rane-  

mission of g r e a t e r  than MPC l e v e l s  o f  r a d i o a c t i v i t y  i n  t h e  

underground water  t o  any known use  po in t  is extremely remote. 

In  t he  u n l i k e l y  event  o f  ven t ing  of gaseous deb r i s ,  small  

q u a n t i t i e s  of  rad ionucl ides  could be introduced i n t o  t h e  

sur face  water.  Therefore,  sp r ings  and w e l l s  i n  t h e  v i c i n i t y  

.of the Rulison s i te  have been sampled by the  USGS.(Figure 4 

dep ic t s  a l l  w e l l s  ,and s i g n i f i c a n t  spr ings  loca ted  wi th in  6 

miles. In a d d i t i o n ,  major we116 and spr ings  t o  about 12  miles 

have been located.)  Corresponding samples ... w i l l  be taken a f t e r  
.. 2 

the  event. 



WATER WELLS AND SPRINGS. IN THE ,.VICINITY OF, T H E  RULISON PROJECT __ .. . .  . . -  . . . . .  . . . . . . . . .  - . . . . . . . .  . 

U .  S. GEOLOGICAL SURVEY INVENTORY . . ............... .......... -- . .  . .  

' W e l l  

I Spring 
SCALE 1:250,000 ....... . >I Indicates more than one 

. . I 
I spring at location 1 



3.3 Ground Water; Contamination . . (cant . 'd) . .  . 

Near surface water w i l l  be monitored , - as r e q u i r e d . a f t e r  .the 

event i n  a well  d r i l l e d  down hydraulic  gradient  from surface  

ground zero. 

3.4 Containment 

A geologic cross  sec t ion  of the emplacement hole i s  shown i n  

Figure 5. Predict ions of close-in physical e f f e c t s  of the 

detonation a r e  tabulated i n  Table I. 

The depth of b u r i a l  f o r  t h i s  device i s  s i x  t i m e s e t h a t  which has 

been u t i l i z e d  successful ly a t  the NTSto conta in  underground 

nuclear .detonations. ahe geologic s t ruc tu re  i n  t h e  v i c i n i t y  ' 

o f , t h e  detonation has been studied and no m a j a  displacement's 

or  t r a c e s  of surface f a u l t i n g  were found. T h e r e e r e ,  the probabi l i ty  

of r e l ease  of r ad ioac t iv i ty  t o  the  atmosphere by f i s s u r e s  i s  small. 

The TEP has reviewed the  casing and cementing .plan a s  wel l  a s  the  

stemming concept. On thk  bas i s  o f  extensive NTS experience the 

TEP concluded t h a t  r ad ioac t iv i ty  should be contained. 

3.5 Meteorolony and Fal lout  

The f a l l o u t  and cl imatological  predic t ions  show t h a t  varioue 

combinations of shot  time me teorolpgical  condit ions and f i r i n g  

sec tors  can be se lec ted  such t h a t ,  should, an une'xpected radio- 
. . 

ac t ive  e f f l u e n t  r e l e a s e  occur, r ad ia t ion  ekposures '' t o  o f f  - s i t e  

populations can be held below the  safe ty  c; i ter ia  est 'abliahed by 
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TABLE I 
. . 

'SUMMARY OF PHENOMENOLOGY 'AND 
CONTAINMENT PREDICTIONS. , . - .- . . 

Predic t ion  Maximum Yield Design Yield 

Cavity Radius 82-122 f e e t  72-108 f e e t  

Cracking Radius 440-660 f e e t  390-580 f e e t  

Maximum Radius of Ganm Radioac t iv i ty  

Above W .P . 160-280 f e e t  145-254 f e e t  

Below W.P. 110-178 f e e t  100-161 f e e t  

Chimney &igh t 340-510 f e e t  301-451 f e e t  

DEFINITIONS : 

Cavity Radius - The r a d i u s  o f  t h e  vo id  (assumed s p h e r i c a l  i n  moat 
cases) formed i n  t he  geologic media by vapor i za t ion  
and compression.as a r e s u l t  of t h e  detonation.  

Cracking Radius - The r a d i u s  t o  which s t r e s s  from t h e  de tona t ion  
exceeds s t r e n g t h  of surrounding rock,  r e s u l t i n g  
i n  t h e  formation of cracks.  

Maximum Radius ,of Gamma 
Radioac t iv i ty  - The r a d i u s  t o  which gamma-emitting radionucl ides  

a r e  i n j e c t e d  i n t o  t h e  cracks formed i n  t h e  surrounding 
rock  by the  detonat ion.  

W .P. (Working Poin t )  - The po in t  a t  which t h e  device i s  to be detonated. 

Chimney Height - The he igh t  above t h e  working p o i n t  from which cracked 
rock f a l l s  to  f i l l  t h e  cav i ty .  This  occurs when, as 
a r e s u l t  o f  both a decrease of pressure  i n  t h e  c a v i t y  
and c rack ing  i n  t h e  cav i ty  wall ,  t h e  c a v i t y  can no 
longer  support  i t s e l f  and co l lapses .  The chimney is 
assumed t o  be c y l i n d r i c a l  i n  shape. 



3.5 Ek teorology . . .  and Fal lout  (cont 'd) . . 
. . 

AEC Headquarters, The AEC Director of Nuclear Operat ions . - 

(DONO) w i l l  be prepared t o  evacuate people pr ior  t o  the  

detonation o r  cont ro l  people following the  detonation such t h a t  

r ad ia t ion  exposure r e s u l t i n g  from an unexpected radioact ive  - 

e f f l u e n t  r e l e a s e  w i l l  be maintained within the above c r i t e r i a .  

3.6 Bioenvironmental 

The U. S. Public Health Service Southwestern Radiological 

Health Laboratory is responsible f o r  maintaining a cur ren t  

census of human population and da i ry  cows and t h e i r  d i s t r i b u t i o n  

within a 25-mile.radius o f  the detonation and t o  150 miles  i n  the  

prevai l ing downwind semicircle  (oO t o  180' azimuth). Summaries 

of t h i s  census a r e  depicted i n  Figures 6 .and 7. 

An ecological survey of the  a rea  around the projec t  s i t e  has 

been made by t h e  BattiAle Memorial I n s t i t u t e  t o  evaluate the  

seasonal wild game and range l ives tock  populations and t o  

i d e n t i f y  any s ign i f i can t  ecological  consequences t h a t  might 

ensue from carrying out  t h e  projec t .  

To preclude any p o s s i b i l i t y  of pol lu t fon  of Battlement Creek a s  

a r e s u l t  of the rupture o r  i n s t a b i l i t y  of .  the  exploratory and 

emplacement hole mud p i t  dikes or splashing out a s  a r e s u l t  of 

ground motion, Austral  O i l  w i l l  d e a n  th6 p i t s  and' adjacent  

s lopes p r i o r  t o  the detonation. The ef fec t iveness  of t h i s  



(Figure 6 - P a p  17) 
Within a ai-a B H ~ O ~ ,  the t o p  numbor indicater the Dullb.r of adult.; 

the middle number indicate8 the  nuder of children, and tha bottom 

numbor ~ ~ d i c a t e a  ~h. cumber of milk c w r  tn tho mector. 

For 8-18, the rector conteiaing the town of Crand Valley cartltnm 

196 adultm, 106 children, and 1 mllk car. 



RUUSON POPULATION SUMMARY 
000 Aduhs 

' 00 Children , . 

* Blank Sectors Indicate No Population. 
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RULISObl POPULATION SUMMARY 

(Figure 7 - Page 19) 

Population data on thir  8-11-rcalo u p  are taken from the 1960 

coarur; figurer ore for c i t i e r  and towor l y i w  within the mectorr. 

1 

The t o p  f igure iridicatea number of adultr; the bottom flgure indicater 

numbor of children. For example, tha rector containing the tom of 





3.6 B i o e n v i r o ~ e n t a l  . . . .  (cont ' d)  . . 
, .  . . . 

operation w i l l  be evaluated .by .-the . . AeC Tee t Manager ' s , e  t a f  f 

p r i o r  t o  the detonation. The p o s s i b i l i t y  of de le te r ious  

e f f e c t s  on w i l d l i f e  as a r e s u l t  of  ground motion have a l s o  

been investigated. It has been concluded t h a t  no s i g n i f  icadt  

ecological hazard w i l l  ex i s t .  

3.7 Snow Slides 

Current information indica tes  the  . p o s s i b i l i t y  of enow s l i d e  

hazard i s  remote. Conditions w i l l  be reevaluated a t  shot  time 

and appropriate precautions taken i f  necessary. 

3.8 close-1n Effec ts  

Any p a r t i a l  blockage of Battlement Creek as a r e s u l t  of ground 

motion induced e a r t h  s l i d e s  i s  predicted'  t o  be inconsequential'. 
. . 

This hazard w i l l  be monitored a t  the time of the  detonation and 

appropriate ac t ion  taken, i f  necessary. Spal l ing o r  surface 

f rac tur ing  has been evaluated. It i s  predicted t h a t  downward 

percolation of stream water w i l l  not occur nor w i l l  more than 

a temporary, minor disturbance of the stream flow be observed. 

kasurement of the flow before and a f t e r  the  event w i l l  be made 

by the  USGS'at a gaging s t a t i o n  near surface  ground zero. 

3.9 Aftershocks 

Aftershocks i n  t h e  form of microtremors have been'observed i n  

connection with l a rge  underground nuclear '  events f o r  the  paat 

several  years. However, these af tershocks have been found t o  

be a t  l e a s t  two seismic magnitude u n i t s  l e s s  than the  nuclear 



3.9 Aftershocks . . (cont  'd) 
. . 

explosion. Experience wi th  t he  Gasbuggy.. Event iti, New, Mexico, 
. - 

t h e  Shoal Event i n  an  earthquake a c t i v e  reg ion  of Nevada, and 

numerous events  a t  t h e  NTS conducted a t  t he  r e l a t i v e l y  l o w  

Rulison y i e ld  l e v e l  i n d i c a t e s  t h a t  a f te rshock  phenomena a r e ' n o t  

r e a d i l y  measurable. 

A l i t e r a t u r e  search f o r  Colorado earthquakes of  magnitude 

g r e a t e r  than 3 was performed by the  Environmental Science 

Services  Administration,  U. S. Coast and Geodetic Survey 

(ESSA/C&S). O f  the  300 earthquakes i d e n t i f i e d ,  none had 

ep icen te rs  w i t h i n  50 miles  of t he  Rulison S i t e .  This  l a c k  of 

seismic a c t i v i t y  furthez reduces t h e  p robab i l i t y  of de t ec t ab l e  

af tershocks from Rulison. 

. . 
3 -10 Reservoir S t ruc tu re s  

A study of t h e  genera t ion  of water waves (seiches) i n  l a k e s  

o r  r e s e r v o i r s  by ground motion and t h e  e f f e c t s  of ground motion 

ori dams has been made. The preliminary eva lua t ion  revea led  a 

poss ib l e  hazard t o  t h e  Harvey Gap Dam (Appendix A) and t h a t  

i n s u f f i c i e n t  information was a v a i l a b l e  'on the Battlement Mesa 

. .  Reservoirs. Subsequent d e t a i l e d  a n a l y s i s  of Harvey Gap Dam and 

a c q u i s i t i o n .  of e d d i t  t ona l  information on the Battlement Reservoir  

dams concluded t h a t  complete f a i l u r e  is remote. . However, . t h e  

p o s s i b i l i t y  of c rack ing  or slumping of the'embankments cannot be 



1 u ::cscrvoir . s t r u c t u r e s  . . .  (cont  'd) 
. . 

dismissed.  There fo re ,  t h e  NVOO.Safety Pane l  o f  Consu l t an t s  - * 
rccommended t h a t  one of s e v e r a l  a l t e r n a t i v e  p recau t ions  be 

I adopted (Appendix B) . Depending on r e s e r v o i r  l e v e l ,  a s  i n d i c a t e d  

i n  Sect ion 5.0, p lans  w i l l  be made t o  have r e s i d e n t s  i n  t h e  a r e a  

downstrenm of Harvey Gap Dam t h a t  could  be a f f e c t e d  by a n  uncon t ro l l ed  

d ischarge  of  t h e  r e s e r v o i r  prepared t o  e v a c u a t e  i f  p o s t  d e t o n a t i o n  

cond i t ions  war ran t .  

I t ' h a s  been recognized t h a t  some slumping of banks of  t h e  Col lb ran  

P r o j e c t  i r r i g a t i o n  d i s t r i b u t i o n  sys.tem and of  the '  Union Carbide , ! 

P l a n t  T a i l i n g s  Ponds near R i f l e ,  Colorado could  occur ,  P o t e n t i a l  

damage from t h i s  slumping p a r t i c u l a r l y  would b e  minor and prepar-  

a t i o n  w i l l  be made t o  e f f e c t  prompt repa i r , .  Seismic measurement 

(discussed i n  S e c t i o n  4.1) of ' t he  response  of Vega, R i f l e  Gap and 

~ a r v e ~  Gap ~ a &  w i l l  be ' taken i n  c o o p e r a t i o n  w i t h .  t h e  C W S  (Harvey 

Gap), the  U .  S ,  Corps of Engineers  ( R i f l e  Gap), and t h e  U. S. .Bureau . 

of  Reclamation (Vega) . ( F i g u r e  8) .  

3.11 Mines and Gas Wells 

The area t o  a  d i s t a n c e  of  more than  40 m i l e s  from t h e  Rul ison S i t e  

was surveyed f o r  any a c t i v e  o,r i n a c t i v e  minera l  i n d u s t r y  

developments t h a t  might be a f f e c t e d  by t h e  de tona t ion .  (Figure  9).  

w i t h i n  t h e  1 0  mi le  r a d i u s  from ground z e r o  .are t h e  USBM and Mobil 
.. . 

O i l  Sha1.e Mines which may exper ience  some minor rock f a l l  damage. 
' 1  

Out t o  ,25 m i l e s  a r e  t h e  Union and Colony O i l  Shale  Mines, t h e  Nu Gap 
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3.11 Mines and Gas W e l l s  (cont'd) 
. . . . 

. . . .  . . .  . .  . 

and Harvey Gap c o a l  mines and , . thq  R i f l e  Creek Vanadium Mine. 
. . , . 

The Mobil, USBM, Union and Colony O i l  Shale Mines a r e  research  

f a c i l i t i e s  t h a t  a r e  not c u r r e n t l y  being aperated.  No s p e c i a l  
. . 

precaut ionary measures a r e  necessary a t  t h e -  Mobil, USBM and . 
- 

Union Mines. The Colony Mine 'processing f a c i l i t i e s  a r e  normally . 

subjected t o  r o c k  f a l l s  from adjacent  c l i f f s .  Evacuat ion of  

personnel t h a t  may be i n  the v i c i n i t y  i s  recommended. For 

opera t ing  mines ou t  t o  t h e  d i s t a n c e  of the  Dutch Creek Mine 

personnel w i l l  be .evacuated t o  avoid f a l l i n g  rock and noxious gases  
* 

t h a t  might be r e l ea sed  by the  ~ u l i s o n  ground motion's, 

The d i s t a n c e  t o  the nea re s t  gas  we l l  is 2.8 m i l e s .  'The n e a r e s t  

production we l l  f o r  the  Gasbuggy Event experienced motions over 

10 t i m e s  t h a t  a n t i c i p a t e d  a t  t h i s  wel l  from the' Rulison 

1 detona t ion  with  no adverse  e f f e c t s .  No spec i a l  p recaut ions  a r e  

deemed necessary.  

4.0 EFFECTS PROGRAMS 

4.1 Seismic Instrumentat ion Program 

For t h e R u l i s o n  Event, t h e  CGS w i l l  f i e l d  30 seismic instruments. . . 

(Tahl e 11). These inst ruments  w i l l  measure motions a t  populated 

l o c a l i t i e s  and provide d a t a  f o r  ex t r apo la t ion  of motions t o  l a r g e r  

y i e l d s  t h a t  could s a f e l y  be used to  improve..,gas product ion on a 
. . .  

" 2 

commercial bas i s .  I n  addi t ion ,  t h e  Bureau of  Reclamation and t h e  



TABLE I1 
. . . . 

r ESSA/CGS SEISMIC ' INSTRUMENTATION PLAN 
. . . . . . . - . . .  . .  .- . - 

Distance (miles) ,. ; ~ i & a n c e  ( m i l e s )  
S t a t i o n  & Bearing From SF S t a t i o n  & Bearinn From SF 

Control  Point  3.0 Union Carbide 11.3, 
N 34 16' W Corp. . N 37 44' E 

Lemon Ranch 

- 
Eames Orchard 4.4 

N 22O 45' W 

Grand Val ley 7.1 
N 58O 13' W 

Ranch 

Anvil Po in t s  8 .6 
N 6' 55'  E 

Coll  bran 11 .a 
S 9 ' 0 6 ' W  

R i f l e  ' 

. . 

Tosco Mine 
. . 

S i l t  

Mesa 

Harvey Gap 

Mobil Mine 9.S0 De Beque 15.3 
(Por ta l )  N 3 49' W S 72O 15' W 

New Cast le  25 .O, Canyon 21 -1, 
N 61 34' E S 5 7  01' W 

Cameo 26.6 De l t a  46.4 
S 49O 31' W . S 08O 04' W 

Glenwood Springs 34. 70 
N 72 29' E 

Aspen 

Cedaredge . 34.8 Montrose . . 63.6 
S 01° 34' E S 03O 34' E 

Grand Junc t ion  40*B0 
S 55 38' W 

. . 

Paonia 
. . 

Meeker 

Rangely 

41  .Oo . . Denver ... 
. .  . 

S 26 5k ' E 

, 44.1, S a l t  Lake Ci ty  228 .g 
N 01 44' E N 6 5 -  59' W 
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4 .l Seismic 1ns . trumentatiob . , .  Program . .  . '(cont . . ' d) . . 
. < .  

Corps of Engineers w i l l  cooperate. . - i n  obtain-ing measurements 

of t h e  response of  dams t o  t h e  induced ground motion. The 

dams w i l l  be instrumented on the  c r e s t ,  'downstream face  and 

on ma te r i a l  s i m i l a r  t o  the  dam foundation downstream from the ' 

dam, The U. S. Bureau of  Mines (USBM) w i l l  i n s t a l l  some 42 

instruments i n  t h e  USBM O i l  Shale Demonstration Mine t o  measure 

roof v i b r a t i o n s ,  roof  d e f l e c t i o n s  and p i l l a r  s t r a i n  t h a t  may be 

crea ted  by t h e  Rulison ground. motion. These m e a s u r e m e n t ~ w i l l  

enable t h e  USBM to determine t h e  response of  t h e  p ine  and 

eva lua te  whether t h i s  response i s  damaging. 

4.2 S t r u c t u r a l  Response Program 

"Condition surveys'' o f  s e n s i t i v e   structure,^ from c lose - in  a reas .  

t o  d i s t a n t  a r e a s  such as Grand Junct ion,  Montrose. . . and Aspen w i l l  

be made by JAB. These surveys a r e  necessary t o  document t h e i r  

condi t ion  before  and a f  ter the  Rulison Event and to determine i f  

damage i s  caused by ground motion from t h e  detonat ion.  JAB has 

presented a program f o r  bracing s t r u c t u r e s  (such as chimneys) to 

minimize damage. Passive displacement i n d i c a t o r s  w i l l  be i n s t a l l e d  

on . severa l  o f  t h e  s t r u c t u r e s  chosen f o r  d e t a i l e d  'study. These p a s s i v e  

i n d i c a t o r s  w i l l  be monitored p e r i o d i c a l l y  pre-shot,  immediately 
. . 

p r i o r  t o  t h e  de tona t ion ,  and subsequent to  t h e  . 'de tonat ion . t o  
. . 

determine i f  any movement on e x i s t i n g  cracks i s  d u e  k o  t h e  de tona t ion  

i t s e l f  o r  to  n a t u r a l  phenomena. 



4.3 Hydrologic Safety Program . . .  
. .  . . . .  

The U: S. Geological Survey .Water Resources Division has . - 
. inventoried and sampled a l l  water wells  and s ign i f i can t  

springs within l O k m  of the detonation point .  Measurements 
. . 

w i l l  be taken of the flow i n  Battlement Creek t o  deteruiine' 
" 

the e f f e c t  of the detonation o n  the ground and surface water 

supplies  and flow, Thirty of t h e  samples w i l l  be chemically 

and radiochemically analyzed pre- and post-det6nation' t o  

determine i f  any change has resul ted a s  a consequence 'of the - 
detonation. . , 

Par t i cu la r  a t t e n t i o n  w i l l  be paid to water levels ,  flow 

r a t e s  and s t r u c t u r a l  conditions o f  e x i s t i n g  wel ls  and 

springs t o  be c e r t a i n  any post-event claims of damage can 

be adequately investigated . 
4.4 Mines and Gas Wells 

Mine condition surveys conducted by the USBM w i l l  include 

the Ri f l e  Creek, Nu Gap, Cameo and Mobil, USBM, Union and 

Colony O i l  Shale Mlnes, In addit ion t o  the  surveys, ins t ru -  

mentation (indicated i n  Section 4.1) w i l l  be emplaced i n  t h e  

USBM o i l  shale mine t o  measure t h e  response of the  mine to  the 
. . . . 

induced ground motion, 

5.0 EFFECTS PREDICTION SUMMARY 
I 

1 The AEC W N O  w i l l  def ine  i n  the Operational sa fe ty  Plan any pre- 

I cautionary measures t h a t  w i l l  be i n s t i t u t e d  t o  minimize the posei- 



5 .0  EFFECTS PREDICTION . . , .  SUMMARY (CONT' D) . . . . . . > .  

b i l i t y  of in jury  t o  persons o r  damage t o  property, both ,on and 
, . . . 

o f f  the  Rulison S i t e . .  The following i s  a summary of the hazards 

predict ions (based on t h e  maximum credible  y ie ld )  t h a t  w i l l  be 

considered. 

Peak horizontal  ground motion *redict ions t o  a  radius  of 4.6 miles 

a re  i n  excess of .3g. A hazard could e x i s t  t o , a l l  nonpart icipat ing 

personnel i n  t h a t  area. To a distance of 4.6 miles f r a g i l e  hanging 
, - 

objec ts  should be removed by res idents  t o  a  safe  loca t ion  and gas 

and e l e c t r i c i t y  disconnected. In the town of  Grand'valley, a t  the 

Anvil Point Research Station, -and a t  various small ranches out  to  a 

radius  of 8.7 miles, personnel w i l l  be ins t ruc ted  t o  be outs ide  and 

away. from s t ruc tu res  t o  a t  l e a s t  a distance of two building he*hta. 

A t  t h e  Union Carbide Plant  w e s t  of Rif le ,  personnel w i l l  be ins t ruc ted  

t o  remain c l e a r  of concrete block s t ruc tu res  and tanks during the event. 

I f  t h e  event i s  detonated on school days o r  when schools may be occupied 

i n  the  towns of R i f l e  and Collbran, s tudents  w i l l  be outside,  away 

from the buildings during the  event. A t  residences i n  the  nearby area,  

pr imari ly those c lose r  than 1 5  miles, t h e  res iden t s  w i l l  be no t i f i ed  

t h a t  a p o s s i b i l i t y  e x i s t s .  of precariously . . balanced . 'objects and bric-  

a-brac f a l l i n g  i f  not  removed or  secured. 

Personnel a t  t h e  Cameo e l e c t r i c a l  generating p lan t  w i l l . b e  inetructed 
i 

t h a t  they should r e f r a i n  from being in  high places or precarioue 

pos i t ions  a t  t h e  time of the event. 
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5.0 EFFECTS PREDICTION SUHMRY (CONT' D) 

Possible  rock f a l l s  and l ands l ides  could occur on I n t e r s t a t e  

1 .  Highway 70 and t h e  Denver and R i o  Grande Railroad i n  De Beque 

I Canyon from a p o i n t  j u s t  e a s t  of Pa l i sades  t o - t h e  v i c i n i t y  of 

I Akin Siding. Por t ions  of t h e  highway from R i f l e  through Glenwood 

Springs a l s o  could be s u b j e c t . t o  rock f a l l  hazards.  

- 

Rock f a l l s  could a l s o  occur on S t a t e  Highway 75 a t  i ts  junct ion 

with I n t e r s t a t e  .Highway 70 t o  the i n t e r s e c t i o n  of .S ta te  Highway 

330. An a d d i t i o n a l  s h o r t  s t r e t c h  of Highway 330 i n  the  v i c i n i t y  

of Molina may a l s o  experience rock f a l l s .  Por t ions  of Highway 789 

between R i f l e  and Rio Blanco p a r a l l e l i n g  the  base of high c l i f f s  

of t h e  Grand Hogback and canyon por t ions  of the  roads t o  R i f l e  Gap 

and Harvey Gap Dams and through Parachute Creek t o  the  Colony Mine 

have p reca r ious ly  balanced rocks and rock f a l l s  occur n a t u r a l l y  a t  

these loca t ions .  These rock f a l l  and l ands l ide  hazard a r e a s  a r e  

i d e n t i f i e d  on Figure 10,  The DON0 w i l l  r egu la t e  t r a in '  and veh ic l e  , 

t r a f f i c  a t  the t i m e  of detonat ion t o  prevent hazard t o  people o r  

vehicles .  

1 Within 50 mi les ,  people w i l l  be no t i f i ed  t o  r e f r a i n  from being i n  

a precar ious p o s i t i o n  a t  shot  time, The motion is not  expected 'to 

be severe. However, i f  a person is i n  a precar ious p o s i t i o n  at.shot 

time, he could become s t a r t l e d  and possibly l o s e  h i s  foot ing.  Pre- 

ca r ious  p o s i t i o n s  might include ladders  or ' scaffolding and s t i n d i n g  

on roo f s  o r  high walls. 
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5 . 0  EFFECTS PREDICTION SUMMARY (CONT' D) 

The motion t h a t  may be experienced a t  t h e  c l o s e r  l o c a t i o n s  

would be of  r e l a t i v e l y  high frequency and may be somewhat 

analogous to  s tanding  near  a r a i l r o a d  t r a c k  when a t r a i n  

passes. Far ther  from t h e  de tona t ion  (probably a t  d i e t ances  

g rea t e r  than 1 5  miles)  t h e  motion w i l l  impart  more of a swaying 

sensation.  

The following mines w i l l  be included i n  t he  pre- and post-shot  

s a f e t y  inspect ion program. A t  these  mines and t h e  remaining 

operat ing mines out  t o  t h e  d i s t ance  of t h e  Dutch Creek Mine 

i t  is  euggested t h a t  mine owners evacuate  t h e i r  f a c i l i t y .  A l l  

opera t ing  mines wi th in  a r a d i u s  of 50 miles  o f  t h e  de tona t ion  

should be n o t i f i e d  of  t he  da t e  and t i m e  o f  detonat ion.  

Mine - Operator Milee to GZ 

R i f l e  Ck (vanadi~im) Union Carbide 22 

Nu Gap (coa l )  Henry and Louis Bendet t i  2 0 

USBM ( o i l  sha le )  Dept. of  I n t e r i o r  10  

Mobil ( o i l  sha le )  Mobil O i l  Co. 10  

Union ( o i l  sha le )  Union O i l  Co. 15 

Colony ( o i l  sha l e )  Cleveland-Clif fs  I ron  Co. 1 7  

Cameo (coal)  J u a n i t a  Coal & Coke Co. 26 

As ind ica ted  i n  Sect ion 3.11, it i g  a remote p o s s i b f l f t y  t h a t  t h e  

Harvey Gap Dam could be damaged as a r e s u l t  of  t he  minor add i t i ona l  



5.0 EFFECTS PREDICTION SUMMARY (CONT'D) 

loading of the  dam by the seismic motion, The recommendation 

t o  reschedule the detonation for  e a r l y  f a l l  (September) w i l l  

r e su l t  i n  the water elevat ion i n  the reservoir  being a t  l e a s t  

15 f ee t  below the c r e s t  of t he  dam. Plans w i l l  be made t o  

arrange for  people i n  the  downstream area t h a t  could be affected 

. b y  an uncontrolled discharge of the  reservoir  to be evacuated a f t e r  

the detonation %f the reservoir  &s 15 t o  20 fee t  below the dam . 

cres t .  No hazard t o  the  downstream area  e x i s t s  i f  the reservoir  

is  20 f e e t  below the  c res t .  The dam, however, w i l l  be monitored 

eo.any damage can be promptly repaired. The locations downstream 

from the Battlement Resetvoirs . t h a t  could be affected by an uncontrol- 

led  discharge w i l l  be evacuated f o r  other reasone.  No special 

precautions w i l l  be necessary. 
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M r .  Robert E. Miller, Manager 
Nevada Operat ions  O f f i c e  
U. S. Atomic Energy Commission 
P. 0. Box 14100 
Las Vegas, Nevada 89114 

A p r i l  11, 1969 

Dear Mr. Miller: 

The members o f  t h e  WOO S a f e t y  Panel  o f  Consu l t an t s  met on Apri l '  11, 
1969 a t  Las Vegas. The Pane l  reviewed the  ground motion and 
s t r u c t u r a l  response  p r e d i c t i o n s  f o r  Event Rul i son  and cons ide red  
i n  some d e t a i l  t h e  s a f e t y  a s p e c t s  of t h e  program f o r  t h i s  even t .  
This r e p o r t  c o n t a i n s  t h e  comments and recommendations of  t h e  Pane l  
on t h i s  t o p i c .  

The Panel  reviewed d a t a  p resen ted  t o  i t  on p r e d i c t e d  ground motions 
from t h e  d e t o n a t i o n  and t h e  n a t u r e  and p o s s i b l e  e x t e n t  o f  damage 
t o  s t r u c t u r e s  a t  v a r i o u s  d i s t a n c e s ,  t h e  p o s s i b l e  damage to  mines, 
the  p o s s i b i l i t y  of l o c a l  r o c k  s l i d e s ,  and t h e  p o s s i b i l i t i e s  o f  
f a i l u r e  o f  s e v e r a l  dams i n  t h e  g e n e r a l  v i c i n i t y  of  t h e  s h o t .  The 
Panel  a l s o  reviewed t h e  p recau t ionary  measures proposed t o  accommodate 
the motions and damage p o t e n t i a l .  In  g e n e r a l ,  t h e  Panel  f e e l s  t h a t  
t h e  p r e d i c t i o n s  of motion a r e  reasonab le  and c o n s e r v a t i v e  and 
t h a t  the  e s t i m a t e s  of  damage t o  s t r u c t u r e s  a r e  i n  accord w i t h  
previous  exper ience  and g e n e r a l  s c i e n t i f i c  concepts .  

The p recau t ionary  measures proposed appear  adequate  and we f e e l  that 
damage o r  f a i l u r e  o f  s t r u c t u r e s  c l o s e  t o  ground z e r o  have been 
eva lua ted  and measures suggested  t h a t  w i l l  avoid  danger t o  personne l  
and domestic animals .  The proposed c o n t r o l  of  t r a f f i c  i n  a r e a s  
v u l n e r a b l e  t o  rock  f a l l s ,  r o c k  s l i d e s  and s l o p e  f a i l u r e  w i l l  r e n d e r  
minimal t h e  dangers  from such e f f e c t s .  Some damage may be  expected 
i n  mines n o t  c u r r e n t l y  i n  o p e r a t i o n  t h a t  a r e  c l o s e  t o  ground z e r o ,  
but no  s p e c i a l  p recau t ionary  measures appear  necessa ry  t h e r e .  For 
o p e r a t i n g  mines somewhat f u r t h e r  away, t h e  Pane l  recommends t h a t  
personnel  be evacuated t o  avoid  exposure  t o  f a l l i n g  rock and 
noxious gasses  t h a t  might  be r e l e a s e d  by such motions.  It would 
be d e s i r a b l e  t o  evacua te  t h e  mines ou t  t o  a d i s t a n c e  t h a t  i n c l u d e s  
t h e  Dutch Creek Mine. 



R: E. M i l l e r  

The Pane l  reviewed t h e  d a t a  p r e s e n t e d  r e l a t i v e  t o  ground 
wa te r  con tamina t ion  and f e e l s  t h a t  t h e  i n £  orrnation p r e s e n t e d  
by the  USGS i s  i n  accord  w i t h  p r a c t i c e s  and s t a n d a r d s  p r e v i o u s l y  
accep ted  by t h e  Pane l .  I n  our  o p i n i o n  t h e r e  i s  l i t t l e  p r o b a b i l i t y  
t h a t  ground w a t e r  contaminat ion  w i l l  be a problem. The Panel  i s  
i n  agreement w i t h  t h e  proposed h y d r o l o g i c  s a f e t y  and moni tor ing  
program desc r ibed  i n  t h e  r e p o r t '  "Ef fec t s  E v a l u a t i o n  - P r o j e c t  
Rulison",  d a t e d  A p r i l  1969. 

In  g e n e r a l ,  t h e r e f o r e ,  i n  a l l  r e s p e c t s  s a v e  one,  t h e  Panel  f e e l s  
t h a t  t h e  s a f e t y  program f o r  Rul ison i s  a c c e p t a b l e  and a p p r o p r i a t e .  
However, w e  f e e l  t h a t  we must make a n  e x c e p t i o n  t o  t h i s  s t a t ement  
i n  r ega rd  t o  s a f e t y  o f  Harvey Gap Dam. I n s u f f i c i e n t  informat ion  h a s  
been made a v a i l a b l e  r e g a r d i n g  t h e  p r o p e r t i e s  o f  the  m a t e r i a l s  of 
which t h e  dam i s  c o n s t r u c t e d ,  t h e  n a t u r e  o f  t h e  o u t l e t  works, and t h e  
p r e s e n t  f a c t o r s  o f  s a f e t y  o f  t h e  dam w i t h  r e g a r d  t o  f a i l u r e  even 
wi thou t  ground motions r e l a t e d  t o  a  n u c l e a r  tes t .  The Pane l  cannot  
a c c e p t  w i t h o u t  r e s e r v a t i o n s  a  p r e c a u t i o n a r y  measure t h a t  would avoid  
damage by lower ing  t h e  w a t e r  l e v e l  i n  t h e  r e s e r v o i r  behind t h e  dam 
b e f o r e  t h e  even t .  It may n o t  be p o s s i b l e  t o  do  t h i s  because of t h e  volume 
of in f low t h a t  i s  p r e s e n t l y  o c c u r r i n g ,  and because o f  the  l imi ted  s i z e  
of the  o u t l e t  channel .  Moreover, t h e  dam i s  be l i eved  t o  be composed 
of  r e l a t i v e l y  impervious m a t e r i a l  and i f  t h i s  i s  t h e  case  would be  
s u b j e c t e d  t o  l a r g e  i n t e r n a l  h y d r o s t a t i c  p r e s s u r e s  fo l lowing  r a p i d  draw- 
down. These p r e s s u r e s  may reduce  t h e  s a f e t y  o f  the  dam t o  t h e  e x t e n t  
t h a t  a  r e l a t i v e l y  s l i g h t  shock may r e s u l t  i n  i t s  f a i l u r e  and consequent 
damage t o  downstream a r e a s .  There h a s  been a f a i l u r e  of t h e  o r i g i n a l  
dam which was r a i s e d  by c o n s t r u c t i o n  of  a new s e c t i o n .  The new dam 
a p p a r e n t l y  h a s  exper ienced approximate ly  f o u r  f e e t  o f  s e t t l e m e n t  s i n c e  
i t  was c o n s t r u c t e d .  Moreover, t h e r e  a r e  ev idences  of  p i p i n g  near  
t h e  s p i l l w a y  channel  and perhaps  a t  o t h e r  p o i n t s  i n  t h e  dam. Phys ica l  
p r o p e r t i e s  o f  t h e  dam m a t e r i a l  have n o t  been i n v e s t i g a t e d  nor  have 
c a l c u l a t i o n s  been made of t h e  s t a b i l i t y  o f  the  dam under s t a t i c  o r  
dynamic c o n d i t i o n s .  We s t r o n g l y  recommend t h a t  the  d e t e r m i n a t i o n  
o f  the  p r o p e r t i e s  and the  necessa ry  c a l c u l a t i o n s  be performed so  t h a t  
p r e c a u t i o n s  can b e  t a k e n  t o  avoid  f a i l u r e  of t h e  dam. I f  t h i s  is 
no t  done, and a s s u r a n c e  of  t h e  s a f e t y  of t h e  dam i s  n o t  a v a i l a b l e  
i t  w i l l  be n e c e s s a r y  t o  provide  p r o t e c t i o n  t o  downstream a r e a s .  
N a t u r a l l y  t h i s  i n v o l v e s  t h e  accep tance  o f  f a i l u r e  a s  one o f  t h e  
e f f e c t s  of t h e  e v e n t .  The c o n d i t i o n s  a f f e c t i n g  the  dam might be less 
severe  i n  t h e  f a l l  when t h e  r e s e r v o i r  l e v e l  is low and the  dam i t s e l f  
i s  not  comple te ly  s a t u r a t e d .  



R. E. M i l l e r  - 3 -  4/11/69 

The Pane l  recommended i n  a  l e t t e r  of 2 7  F e b r u a r y  1969 t h a t  
R i f l e  Gap Dam, Vega Dam, and Harvey Gap Dam, b e  i n s t r u m e n t e d  
t o  o b t a i n  i n f o r m a t i o n  a b o u t  t h e i r  r e s p o n s e  ground mot ions .  The 
Panel  recommends t h a t  where t h i s  i n s t r u m e n t a t i o n  i s  p rov ided ,  t h e  
p r o p e r t i e s  of  t h e  m a t e r i a l s  be  o b t a i n e d  i n  o r d e r  t o  p e r m i t  
i n r e r p r e t a t i o n  of  t h e  d a t a .  

. R e s p e c t f u l l y  s u b m i t t e d ,  

D r .  Don A U. Deere 

,y L.." 

'G h* IL/ 
D r .  ~ e o r f i  B. Maxey Dr. Nathan M. Newmark 

Reviewed and Concurred Xn: 

J? LO& 
D. Wilson 
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M r .  qober t  E. M i l l e r ,  Manager 
Neviiua Operat ions  O f f i c e  
U. S. Atomic Energy Commission 
P o s t  O f f i c e  Box 14100 
Las Vegas, Nevada 89114 

Dear M r .  Miller: 

May 1, 1969 

The members o f  t h e  NVOO S a f e t y  Pane l  of C o n s u l t a n t s  m e t  on 
May 1, 1969 and reviewed t h e  most r e c e n t  d a t a  p e r t i n e n t  t o  t h e  
Rulison Event. These d a t a  were developed and p r e s e n t e d - a s  a 
r e s u l t  of t h e  r e q u e s t  conta ined i n  t h e  P a n e l ' s  le t ter  of A p r i l  11, 
1969. 

Discuss ions  were he ld  wi th  r e p r e s e n t a t i v e s  of t h e '  fo l lowing:  

U. S, Bureau o f  Reclamation 
U. S. Geological  Survey . . 

Waterways Experiment S t a t i o n ,  Corps of Engineers 
S t a t e  .of Colorado 
~ o h n  A. Blume & A s s o c i a t e s  
Environmental Research Corpora t ion  
Members of t h e  S t a f f  of NVOO 
I s o t o p e s ,  A Teledyne Company 
A u s t r a l  O i l  Company 
CER Geonuclear ~ o r p o r a t i ' o n  

It was s t a t e d  i n  t h e  l e t t e r  r e p o r t  o f  A p r i l  11, 1969, prepared 
by the  Panel  t h a t  ". . . t h e r e  is l i t t l e  p o s s i b i l i t y  t h a t  ground 
wate r  contaminat ion w i l l  be a problem," The p r e s e n t  r e p o r t  i s  
concerned w i t h  ground motion e f f e c t s  w i t h  s p e c i a l  c o n s i d e r a t i o n  
of Harvey Gap Dam; however, p o s s i b l e  hazards  a t  Bat t lement  Mesa, 
Union Carbide ' s  T a i l i n g  Pond; and c a n a l s  i n  t h e  Col lb ran  P r o j e c t  
were a l s o . e v a l u a t e d .  



R. E. M i l l e r  

The Panel  reviewed d a t a  p r e s e n t e d  t o  i t  r e g a r d i n g  the  s t a b i l i t y  
and s a f e t y  o f  Harvey Gap Dam. The Panel  concurs  w i t h  t h e  
f i n d i n g s  of t h e  c o n t r a c t o r s  and t h e i r  c o n s u l t a n t s  t h a t  c a r e f u l  
o b s e r v a t i o n s  o f  t h e  dam d u r i n g  and subsequent  t o  t h e  s h o t  b e  
made..',to a s s i s t  i n  e v a l u a t i o n  of ' f u t u r e  sho'ts.  These o b s e r v a t i o n s  
should i n c l u d e  a l ignment  and s e t t l e m e n t  measurements o f  t h e  c r e s t ,  
a s  w e l l  a s  r e c o r d i n g s  o f  t r a n s i e n t  v e l o c i t i e s  d u r i n g  t h e  pe r iod  
of ground shock. 

The Panel  f e e l s  t h a t  f a i l u r e  of t h e  embankment i s  ext remely  
remqte, bu t  canno t  d i smiss  t h e  p o s s ' i b i l i t y  o f  e i t h e r  c r a c k i n g  
o r  slumping. There fo re ,  one of  t h e  f o l l o w i n g  a l t e r n a t e s  should 
be adopted  t o  a s s u r e  t h e  s a f e t y  o f  people l i v i n g  below t h e  dam: 

A l t e r n a t e  No. 1: Postpone t h e  s h o t  u n t i l  such t i m e  a s  
the  r e s e r v o i r  . i s  lowered by i r r i g a t i o n  wi thdrawals  t o  
a l e v e l  a t  l e a s t  15 f e e t  below crest e l e v a t i o n .  P rov ide  
f o r  t i m e l y  pos  t - s h o t  e v a c u a t i o n  of people  downstream i f  
c i r cums tances  war ran t .  

A l t e r n a t e  No. 2: Lower t h e  e l e v a t i o n  immediately by 
d i s c h a r g i n g  and was t ing  w a t e r  such t h a t  t h e  r e s e r v o i r  
l e v e l  is  lowered t o  15  f e e t  below t h e  c r e s t .  Provide  
. f o r  t ime ly  p o s t - s h o t  e v a c u a t i o n  o f  people downstream 
i f  c i r cums tances  w a r r a n t .  

A l t e r n a t e  No. 3: Lower t h e  w a t e r  e l e v a t i o n  t o  1 0  f e e t  
below t h e  c r e s t  and provide  s t o c k p i l e s  o f  sand and g r a v e l  
w i t h  l o a d i n g  equipment a t  the dam s o  t h a t  c r a c k s  c a n  be 
q u i c k l y  r e p a i r e d .  Evacuate people  d u r i n g  t h e  e v e n t  from 
t h a t  a r e a  downstream t h a t  cou ld  b e  f looded by u n c o n t r o l l a b l e  
d i s c h a r g e  of t h e  r e s e r v o i r  o v e r  a s e v e r a l  hour  pe r iod .  

Bat t lement  Mesa Dams 

The Pane l  c o n s i d e r e d  t h e  p o s s i b i l i t y  o f  f a i l u r e  o f  s e v e r a l  or 
. a l l  o f  t h e  small d a m  o n  Bat t lement  Meea. Even i n  t h e ' u n l i k e l y  
e v e n t  t h a t  a l l  r e s e r v o i r s  f a i l e d  more or  less s imul taneous ly ,  
wi th  normal AEC p r e c a u t i o n a r y  measures, t h e r e  would be no hazard  

. . .  t o  l i f e  and p o t e n t i a l  p r o p e r t y  damage would be w i t h i n  a c c e p t a b l e  - 
limite, . . .  



R. E. Miller - 3 - 5 /1/69 

C o l l b r a n  P r o i e c t  

Wi th  r e g a r d  t o  s l u m p i n g  of c a n a l  banks c a u s i n g  temporary  
damage t o  c a n a l s  and o t h e r  s t r u c t u r e s  of t h e  C o l l b r a n  
p r o j e c t ,  t h e  p r o b a b l e  damage i s  c o n s i d e r e d  t o  be 
a c c e p t a b l e .  The p r o b a b i l i t y  o f  damage would be l e s s e n e d  
were  t h e  s h o t  t o  o c c u r  i n  l a t e  summer or f a l l .  

T a i l  i n g  Ponds 

With r e g a r d  t o  t h e  Union C a r b i d e  T a i l i n g  Ponds,  n o  haza rd  
t o  l i f e  e x i s t s  and  p o t e n t i a l  p r o p e r t y  damage is  w i t h i n  
a c c e p t a b l e  l i m i t s .  

The r e p r e s e n t a t i v e s  o f  t h e  Waterways Exper iment  S t a t i o n ,  
Corps of Eng inee r s ,  c o n c u r r e d  w i t h  t h e  recommendations 
o f  t h i s  r e p o r t  re lat ive t o  Harvey Gap Dam. 

T h i s  r e p o r t  t e l e p h o n e d  t o  Dr. Newrnark, who e x p r e s s e d  h i e  
c o n c u r r e n c e .  

R e s p e c t f u l l y  s u b m i t t e d ,  

- 
k. Lewis// von  Lossberg  


	Effects Evaluation fo Project Rulsion, June 1969
	Table of Contents
	Foreword
	1.0 Introduction
	2.0 Current Technical Event Data
	3.0 Effects Predictions and Evaluations
	4.0 Effects Programs
	5.0 Effects Prediction Summary
	Figure 1 - Index Map of Project Rulison Site
	Figure 2 - Predicted Peak Horizontal Acceleration Versus Distance, Rulison Event, 40kt and 60kt Yields,Hard Rock Stations
	Figure 3 - Rulison Structure Summary
	Figure 4 - Water Wells and Springs in the Vicinity of theRulison Project, USGS Inventory
	Figure 5  - Project Rulison, Generalized Geologic Cross Section
	Figure 6 - Rulison Population Summary
	Figure 7 - Rulison Population Summary
	Figure 8 - Dams in the Vicinity of Project Rulison
	Figure 9 - Mineral Industry Development in Vicinity of Project Rulison
	Figure 10 - Possible Rockfall and Slide Hazard Areas NearProject Rulison
	Table I - Summary of Phenomenology and ContainmentPredictions
	Table II - ESSA/C&GS Seismic Instrumentation Plan
	Appendix A - Safety Panel of Consultants Statement, April 11, 1969
	Appendix B - Safety Panel of Consultants Statement, May 1, 1969




